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(a) The irreversible gas phase reaction below does not follow an elementary rate law:                                                               
A + 2B→C 
The reaction is carried out isothermally and at constant pressure in a Plug Flow Reactor (PFR) 
followed by a Continuous Stirred Tank Reactor (CSTR) connected in series. The feed to the first 
reactor is at a temperature 227οC, a pressure of 1013 kPa, and its composition is 35 mol% of A 
and 65 mol% of B. The entering volumetric flow rate of feed is 33.33 dm3/s. Laboratory data 
taken under identical conditions are presented in Figure. Q1. Based on the data given, estimate 
the volume of PFR and CSTR to achieve 35% conversion after PFR and 54% total conversion. 
(Marks: 15) 
(b) If the reaction in part (a) would use single PFR instead, what would be the volume of PFR to 





(a) An elementary liquid phase reaction is carried out in batch reaction as:  
A → B → C 
Derive expressions for the concentrations of all the species as a function of time. 
(Marks: 10) 
 
(b) Consider the reaction: 2NO + O2 → 2NO2. It follows elementary rate law as given below: 
𝑟𝑁𝑂2 = 𝑘𝐶𝑁𝑂
2 𝐶𝑜2  
 The experimental observation shows that the rate decreases with increase in temperature. 
i. Suggest a reaction mechanism that explains the aforesaid behavior of rate law with respect 
to temperature. 
(Marks: 05) 
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(a) A first-order catalytic reaction occurs on the walls of a tube 0.5 cm in diameter with a flow rate 
of 0.1 liter/sec. The rate of the reaction is r’’ (moles/cm2 sec) =10-2 CA with CA in moles/liter.  
i. How long must the tube be to obtain 90% conversion if the concentration is uniform across 
the tube? 
(Marks: 10) 
ii. Would this be a good approximation in water (vwater=1X10
-6 m2/sec) or in air at atmospheric 
pressure (vair=2X10
-5 m2/sec)? Justify your answer. 
(Marks: 05) 
 
(b) A 60ft long pipe is packed with catalyst pellets of ¼ in diameter. Cross sectional area of the pipe 
is 0.01414 ft2. There is 104.4 lbm/h of gas passing through the catalyst bed in the pipe. The 
temperature is constant along the length of the pipe at 260οC. The entering pressure is 10 atm. 
The volume of solid catalyst is 55% of the total bed volume.  Viscosity and density of the gas at 
260οC and 10 atm are 0.0673 lbm/ft.h and 0.413 lbm/ft3, respectively. Evaluate the pressure 
drop at 2/3 length of the pipe. 

















P = Pressure 
∅ = Void fraction 
gc = 4.17 x 10
8 lbm. ft/h2. lbf 
Dp = Diameter of particle in the bed 
µ = Viscosity of gas passing through the bed 
z = Length down the packed bed of pipe 
𝜌 = Gas density 
u   = superficial velocity 
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(a) The acid-catalyzed irreversible liquid-phase reaction, A → B, is carried out adiabatically in a CSTR. 
The reaction is second order in A. The feed, which is equimolar in a solvent (which contains the 
catalyst) and A, enters the reactor at a total volumetric flow rate of 10 dm3 /min with the 
concentration of A being 4M as shown in Fig. Q.4a. The entering temperature is 300 K. 
 




i. Determine the exit temperature of the reactor. 
(Marks: 10) 
ii. Determine the CSTR volume necessary to achieve 80% conversion. 
(Marks: 05) 
 
(b) Dispersed noncoalescing droplets react as they pass through a contactor. The reaction is given 
as:   A→R;  rA = -kCA
2;  k= 0.5 liter/mol.min. Initial concentration of A is 2mol/liter.                                                                                              
 Find the average concentration of A remaining in the droplets leaving the contractor if their RTD 
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I. The general mole balance equation applied to the four major reactor types of reactors for the 
general reaction A → B 
 
Reactor Differential form Algebraic form Integral form 
    
Batch 
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II. Expressing concentration as a function of conversion for generic reaction: 
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III. Equations for non-isothermal reactors for the general reaction: 
                                                          
i.                         
 
ii.                        
 
 
iii.                        
                        
 
iv.                        
                      ;  
 
v.                                      
                                                                                                                              
 
 
 
 
 
 
